Cross sections for the elastic scattering of 88.03 keV gamma rays through 125 degrees by aluminium, gold, lead and bismuth have been measured with a semiconductor detector.
Simultaneously information has been obtained regarding resonance Raman scattering and Compton scattering in the case of bismuth, and K shell photoeffect cross sections in the case of gold and lead. Values accurate to about 8% were determined with the help of a normalization technique relying on a comparison with the Compton scattering counts from the low atomic number aluminium target.
The elastic scattering cross section of aluminium at the chosen photon energy, which is far above the aluminium K shell threshold, is in reasonable accord with form factor and S matrix calculations based on the independent particle approximation. For gold, 7.3 keV above its threshold, the experiment agrees with the S matrix prediction.
However, for lead some 25 eV above threshold, the experimental value is about 40% larger than predicted; while for bismuth (2.5 keV below threshold), experiment lies 70% above theory. The measured K shell photo effect cross section of lead is within 10% of the prediction based on the independent particle approximation.
~ntroduct ion
The 88.03 keV gamma energy from a cadmium-109 source is only about 25 eV higher than the K shell binding energy of lead (88.006 keV) and about 2.5 keV lower than the K shell binding energy (90.527 keV) of bismuth.
To our knowledge, anomalous scattering amplitudes have not so far been studied in the close vicinity G£ K shell thresholds of such high Z elements.
Earlier studies of anomalous scattering have been summarised in a recent review 111. The available theoretical calculations [21 for 88 keV gamma rays indicated that near x = 6.3 the real parts of the scattering amplitudes make a very small contribution to the lead elastic scattering cross section. Here
O is the angle of scattering and A(A) is the wavelength of the gamma radiation in Angstroms. Accordingly, measurements were made with several elements at a mean scattering angle of 125 degrees in an effort to understand the salient features of the anomalous scattering amplitudes. The imaginary amplitudes due to the bismuth K shell are of course zero. Since the photon energy is as much as 7.3 keV higher than the gold K shell binding energy, the anomalous scattering contributions are less important in the case of gold than in the case of lead and bismuth. Since all electrons in a low Z element such as aluminium are weakly bound, the scattering cross sections for this case are predicted fairly reliably by the form factor approximation with minor corrections. In support of the experiment, new relativisitic second order S-matrix calculations were also performed for the four elements mentioned above. Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19879148
Since the chosen photon energy is a little lower than the bismuth K shell binding energy, there was clearly a possibility of a simultaneous study of the recently discovered process of X-ray resonance Raman scattering (RRS) corresponding to virtual K-L and K-M transitions. K-L2 and K-M2,3 RRS have indeed been observed. However in view of space limitations and a recent paper [3] by another group concerning the same topic, we will not here discuss our measurements of RRS and Compton scattering cross sections. In the present work, the Kill X-rays of gold and lead, and the different elastic scattering counts were compared with the Compton scattering counts obtained with an aluminium target, and the resulting ratios were used to determine respectively the K shell photoeffect cross sections and the elastic scattering cross sections.
Experimental Procedures
The experiment was performed with an annular cadmium -109 source of about 3 mCi strength, relatively thin targets in reflection geometry with effective transmission factors in the neighbourhood of 0.8, and a Si(Li) detector of 0.5 cm thickness and 1.6 cm diameter. The full width at half maximum of the pulse height distribution for 88 keV gamma rays was 630 eV.
The large flux of lower energy radiations such as scattered silver K X-rays was attenuated with the help of a graded copper-aluminium absorber in front of the detector.
The absorber was helpful in reducing the total count rate to less than 70 per second. Thus effects due to pile up were negligible. As usual, the net count rate due to a given target was determined from the difference between the target in and target out rates.
Let us suppose that the elastic scattering cross section duel/dQ of a target atom is to be determined. Then Values of the ratio l'188/llC are needed only over an energy range from about 65 keV to 88 keV. With targets of gold and lead, prominent Kil21 Kill, KB1' and ~6 2 ' X-ray components were observed at energies between about 67.0 and 87.4 keV. Values of the branching ratios for the different K X-ray components were obtained from the calculations of Scofield 1 4 1 .
Thus from the counts under the different K X-ray peaks, ratios of detector efficiencies for the different K X-ray energies could be determined. In reporting the elastic scattering cross sections, an error of f 5 per cent has been adopted for the efficiency ratio in equation 1.
Results and Discussion
The experimental values of elastic scattering cross sections are summarised in Table 1. In the same table, we also show the new S-matrix predictions obtained in indeparticle particle approximation (IPA) in a Kohn-Sham potential with latter tail, shifting the energy scale to coincide with experimental threshold energies. These represent the best currently available theoretical predictions.
The observed slight disagreement between experiment and theory in the case of aluminium is not considered very significant in view of the difficulty of measuring In the case of gold, there is excellent agreement between experiment and theory. The experimental value in the case of lead is about 40% larger than theory. Here so close to K shell threshold, one may worry about the validity of IPA, the determination of threshold position and the possible effects of the large width ( -66 eV) of K shell hole states [51. Some encouragement for the view that IPA is adequate for the imaginary amplitude follows from our value for the K shell photoeffect cross section which is within 10% of the value extrapolated to just above threshold from the IPA predictions of Scofield [61. In the case of bismuth, the experimental elastic scattering cross section is about 70% above theory.
The near threshold departure of the real amplitude from the IPA prediction required for the explanation of the experimental values is of the order of 1.4 ro in the case of lead and about 0.4 ro in the case of bismuth, where ro is the classical electron radius.
These results suggest that further studies in this field are needed.
